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Question Paper Specific Instructions

Please read each of the following instructions carefully before attempting questions :

There are EIGHT questions divided in TWO SECTIONS and printed both in HINDI and in
ENGLISH.

Candidate has to attempt FIVE questions in all.

Questions no. 1 and 5 are compulsory and out of the remaining, any THREE are to be attempted
choosing at least ONE question from each section.

The number of marks carried by a question | part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which must be
stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space provided. No
marks will be given for answers written in a medium other than the authorized one.

Coordinate diagrams, wherever required, shall be drawn in the space provided for answering the
question itself.

Unless and otherwise indicated, symbols and notations carry their usual standard meanings.
Assume suitable data, if considered necessary, and indicate the same clearly.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a question
shall be counted even if attempted partly. Any page or portion of the page left blank in the
Question-cum-Answer (QCA) Booklet must be clearly struck off.
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Some useful fundamental constants and conversion factors

Ny = 6-022 x 1023 mol~!

Rydberg constant = 2:178 x 10-18 J
¢ =2-998 x 108 ms~!

kg = 1-38 x 10723 JK-1

e =1602 x 10719 C

m, =9-109 x 1031 kg

F = 96485 C mol™!

R =8-314 JK~1 mol-!

h =6-626 x 1034 Js

n = 3-142

1 amu = 1-66 x 1027 kg

1cal =4-184J

1J=1kgm?2s2
1A=108em=10""m =01 nm = 100 pm
1 atm = 760 torr = 1-01325 x 10° Pa
1 bar = 1 x 105 Pa = 0-9869 atm
1eV=1602x10"19J

1Latm=101-34J
1 eV = 23060 cal/mol

4 72¢2 = 3-55 x 1022 cm2 2

h2
8mg

=6-025 x 10738 Jm—2

he = 1-986 x 10726 Jm
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QL. (a) (@)

(i1)

(b) @)
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Qg A
SECTION A

0o (Feam) st § ersgie W § soag i i @ 98 g faif
FHITT St Te" i orufera Bt 2 | [fear man 2 - eneiee 9 et &
3
TR BT wer R10(15)=2[£J2 . o2 5wt p= 2 i
ao naO

ag = TUH 1 (Bohr) & a1 & | 3777 Tt 2751 b wmar=r 379 2 |]

Determine the distance from the nucleus at which the electron is
most expected in the hydrogen atom in its ground state.

[Given : The normalized radial function for hydrogen-like systems
3

is Ryp(1s) = 2[&}2 . ¢ ™2 where p= L and ag is the first Bohr
ap nag

orbit radius. Other notations have their usual meanings.]

Hifeam smge i Gifeaw seRe A Tow Fwis F HE dgiaE
TR o T fHahTel T AT it 31de S=uad § | 3fud fag v
Sodium bromide and sodium iodide have higher lattice energies
than expected from theoretical calculations. Justify.

LT % EY I FHH W 235U gt fefed & S @ | vy |
ST STEed haret 072 TIA9d & | JHahT 3T & SAT AE AT FHEATHE
238U @ 1A FH & T U &Y vt UFg # a1 vgar € St 6 e a9 %
S A & arfead & Sar # | 285UF ai 238UF Mt % fysor Y
e 0 & e &8 = 3 orefT et S R | s e i ¥ A,

235y i 238U @ mifers wqfs & qUe TUrE 1 Ufished Hife |

The 235U isotope undergoes fission when bombarded with
neutrons. However, its natural abundance is only 0-72 percent. To
separate it from more abundant 238U isotope, U is first converted
to UFg, which is easily vaporized above room temperature. The
mixture of 235UFg and 238UFy gases is then subjected to many
stages of effusion. Calculate the separation factor, that is
enrichment of 235U relative to 238U after one stage of effusion.
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(i) THH VA (HFH1) H sfonfia Hifsw | = i Fwr & e aom 39
STes @i |
Define ‘unit cell’. Draw all the Bravais lattices for a cubic system. 5
(c) frafafaa et 1 &N #h, I (mercury) FT 9 FaHi fFaifa Fif |
TR F & foTT AT HH-HIH-HT HedATE HET g7 ?

Hg (1) AHf =0
S° = 77-4 J/K mol
Hg (g) AH; = 60-78 kJ/mol
S° = 174-7 J/K mol

Use the following data to determine the normal boiling point of mercury.
What assumptions must you make in order to do the calculations ? 10

Hg (1) AH; =0
S° = 77-4 J/K mol
Hg (g) AH; = 60-78 kJ/mol
S° = 174-7 J/K mol

d () EEEREEERHNEEA (CCloFy) e &1 §mm Fui® — 30°C @,
Fhifas A 112°C 2, 37 36 FTET Fifdsh a1 40 atm B | I T A1 20°C
A9 W 18 atm 2@ q% GYifea foram s, o = g gufiq 8nft 2 e
fregor & mam O 37T 39 €N |

The compound dichlorodifluoromethane (CClyF9) has a normal
boiling point of —30°C, a critical temperature of 112°C, and a
corresponding critical pressure of 40 atm. If the gas is compressed
to 18 atm at 20°C, will the gas condense ? Give your answer on the

basis of graphical presentation. 5
(i)  AfEieear it afoaria Hifs | stfeiezar % FTENT i Sevd HifsT |
Define overvoltage. Mention the applications of overvoltage. 5

(e)  BIZSISH YHEEISE & AUHE
2H,0, (aq) — 2H90 (1) + Oy (g), F WHHA F1 42 kJ/mol & AfehT v
TR Y USTEH e ¥ SAfta 3 Sirar @ ar st afehor et 7-0 kJ/mol
2 | 39 a9 &1 ufehen Fifse s o sreafa sifufsrn et sfvar w =<, fm «
USTSH ST 3Tq9e 20°C A9 T =erdl € | W WS¢ i Treh A, 2T Ameedt 3
HA/FE R
The activation energy for the decomposition of hydrogen peroxide
2H504 (aq) — 2H50 (1) + Ogq (g) is 42 kJ/mol, whereas when the reaction
is catalyzed by enzyme catalase, it is 70 kdJ/mol. Calculate the
temperature that would cause the uncatalyzed reaction to proceed as
rapidly as the enzyme catalyzed decomposition at 20°C. Assume the
frequency factor A to be the same in both cases.
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Q2. (a) EEsHe Affydar fagia #1 sea@ Fifvw | weifa Fifvw fF w=-fafiy dw,
fSreeht famg 0 & L 7 2, 3o8 & 0 & o 3 v gt o S R
A By A By (R F&ie §E&1 1 3R 2 g favfisd) & deqey &, wh

@ i

State Heisenberg’s uncertainty principle. Show that for a particle in a
one-dimensional box having length from 0 to L, the two normalised
eigen functions corresponding to the eigenvalues
(characterised by quantum numbers 1 and 2 respectively) are orthogonal

to each other.

(b) @)

(i1)

(e (@)

(ii)
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freafeafiaa & faw srey w9 1 aftee fifs -
(I) ATt

(II)  YuATase

(I11) TETss

(IV) ersiifesfae s me

39 | formepT Tl S==aw 2 0

Calculate the bond order for the following :

() Oxygen

(IT) Superoxide

(ITII) Peroxide

(IV) Dioxygenyl ion

Which will have the highest stability ?

CO % 3T1ftaeh Hereh A FI @i |

Draw the molecular orbital diagram for CO.

T HEAT 3 3T 6 ATt fopeeett & Himia Brsan s1ara a1 uftwe Hifse |

Calculate the limiting radius ratio for the crystals with

coordination number 3 and 6.

U IATET Afed Frsferardidt ari st samean hifs |

Explain stoichiometric defects with an example.

S

10

10

10

10

10



Q3. (a) (1)

(ii)

(b) ()

(i1)

() (1)

(i1)
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AT & SAHAT Ui 1 IR ared (1) 298 K 3 (11) 0 K w i

A wfifere i g < were afes (FRE-8F) (no?) 0-28 (nm)? sy
1 ST TTH [ (W) S99 29 gmol—1 2 |

Calculate the coefficient of viscosity of air at temperatures :
(I) 298 K and (II) 0 K.

Assume that the collision cross-section (m62) of air is 0-28 (nm)2
and average molar mass of air is 29 g mol~1. 10

Ar, CHy 3T CgHg 4T %1 39% It A9 % IR W 980 8¢ %A o
SHAfEed FIA | I F1/3H HROT A |

Arrange Boyle’s temperature of the gases Ar, CHy and CgHg in
increasing order. Give reason(s) for the answer. 5

Freaferfiaa 74t R e o st 2
TS AT SRS $or

HITT Afed I ht =TT HIfST |

Which of the following liquids has greater surface tension :

Ethanol or Dimethyl ether
Explain the answer with reasons. 5

T UHT T g forehl fBsa1 150 nm 2, % Z9-1 TS ¥ AU g §
FHe 1 gftsha i |

Calculate the difference in pressure across the liquid-air interface

for a water droplet of radius 150 nm. &

TF TW A (A) ARH T % IGEAviT gwardt wited § s
100-0 L & 52t 224 L 2 Srar 2 | ¥t ke & fou ewsieest oot §
gftad= 1 afte Hifse | o i armm 298 K 21

Calculate the change in Helmholtz energy for a reversible
isothermal compression of 1 mole of an ideal gas whose volume
decreases from 100-0 L to 224 L. Assume that temperature is

298 K. 10
BT W & HHT UF SRR TH FT 8 AT @ 2 7 fa|T a1 /g, U o
AT ST HehaT & 2

Why does a tyre get hot when air is pumped into it ? Can a tyre be
inflated without a rise in temperature ? 5
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Q4.

(a)

(i) frafafas siffrr % fag 25°C @ NiO & 73 % 3w 0, ¥ @&
(atm ﬁ)&T‘TﬂW?aaﬁm, Ife AG® = 212 kJ/mole ® :

NiO (8) == Ni [d} & % 0y (g)

Calculate the pressure of Oy (in atm) over a sample of NiO at 25°C
if AG® = 212 kJ/mole for the following reaction :

NiO (s) = Ni (s) + % 09 (g)

(iv) U U A (Hieh) T9 200-00 atm 3 19-0°C W, & SIES HY e
(TH AT) | FEIC S T 3T A 31 0-95 atm T 1T 2 | 9 ¥ ifm
A T 3Tehe HIC | fear @ e 1 S[a-omeT i ()
0-150 K/atm # |
Estimate the final temperature of one mole of gas at 200-00 atm

and 19-0°C as it is forced through a porous plug to a final pressure
of 0-95 atm. Given : The Joule-Thomson coefficient (uyy) of the gas

is 0-150 K/atm.

T 1 G (3TS) YA o TTm 31K 30 Traream {1 i 1awon & 178 | I8 9T
T {3 3wk o foig & wre ave (P)) o 3 (P,) % St aoy 2 feam a2

3010
lnPI = —T—+13-2
InP,=- %q+16-1

ﬁmﬁgwﬁnﬁaﬁgmwvﬁaﬁqﬁml
T TAT G 1 bar, 298 K 9 319, 14 47 29 21 2
AH g FT & 2 THIATRT |

A new drug has been synthesized and its phase diagram is explored. It is
found that near its triple point, vapour pressure over the liquid (P;) and

over the solid (Py) are given by :
3010

inP,=— 300 159
T
znPS=_%‘l+16-1

Calculate the triple point temperature and pressure.

Is the new drug solid, gas or liquid at 1 bar, 298 K ?
What is AH ? Explain.

sublimation
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(b) () yEUCfEdht (AU FT 8 2 FAHRIS T Higar YA Hi AT HINT |
FAVIET del G=a I AWifehd 3@ ST |
What is polarography ? Explain the concentration polarization at

the electrode. Give the labelled diagram of polarographic cell
assembly. 15

(i)  gigar ¥ 1 gioaTiyg Fifse 3T sgehr fmat &1 3eoi@ i | “Sa9 aw
el qiEdd & a1l 99 & 7 o el 1 gufed @ I 39 | 39 HUF Hl
3 fag Fifso

Define concentration cell and mention its types. Justify the
statement “Fuel cells are energy conversion devices and not
energy storage devices.” 5

© () uF i afiber A KA, B KB, ¢ ¥ fom, an i
ka =5 x 108 s71 3 kg = 3 x 108 s~1 & | 38 @ =1 Fuifa Sifsg i<l B
T FIZOT Aferahad & |

For the sequential reaction A LI > B kp > C, the rate
constants are ky = 5 x 108 51 and kg = 3 x 108 s~1. Determine

the time when the concentration of B is at a maximum. 10

(i) 7l sawyr §, afesa afafafem (BP) fRmfefiaa sfufsrar a2

Py
T ifsre fafafem o frrerd w99, 92 %1 pH -~ 3 ® | 39 pH W 3R a9
22°C W 37 Y3hH1 o o7 Ryt § -
ki=70x10"4s!, kg=41x103s1, kyg=57x103s"1
P, <t Jeafer it afeu/3ust TR 2

PHIRM-U-CHM &g
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In acidic condition, benzyl penicillin (BP) undergoes the following

reaction :

P1<k1 BP X2 > Py

1

P3

Imagine while swallowing penicillin, pH of the stomach is ~ 3. At
this pH, and temperature 22°C, the rate constants for the

processes are :
ki =70x10"%s7] kg=41x103s1, kg=57x 103 s L
What is the yield of Py formation ?



@us B
SECTION B

Q5. (a) wiGdifer sit Tpedific Wl i STecli=hl 3@ | G HTd T AT Tohul § 9e
i |

Indicating ‘Fluorescence’ and ‘Phosphorescence’ processes in Jablonski

diagram, distinguish between both processes.

b)) @

(i1)

el i W afd FE aare ?

How does water condense onto glass ?

I TF I3 & 2:0 x 1071 torr F I@ ¥ IFQ fFAT 1T, A I TS W
Tehel W (FHIaT) st o 2A1eft Wia s & T forar au & 2 9
AT weher T T % foTe 1 TR ST Y ATERHAT € | 39 58 i A%
F % foTT 3o o 21eT T ST T fohaT ST &, ST ot i |

How long will it take for about one-half of a monolayer to form on
the surface if the surface is exposed to a pressure of
2:0 x 10711 torr ? Assume that a monolayer formation needs an
exposure of 1 Langmuir. Also give reason for using such low

pressure in cleaning the surface.

(¢) Trafafaa @at # [UPAC Tmugfd % igar 4w o ;

(1)

(ii)

(111)

(iv)

(v)

PHRKM-U-CHM

N&2 IZIICL;]
[PtClgl%
[Pt(py)4] [PtCly]

Hy

-~ N N 4+

[(H3N)Col__ e Co(NHg),]

H
Ni(CO),

10

10



Write the IUPAC nomenclature of the following complexes : 10
(i)  NagylZnCly]

(i) [PtClgl*
(iii) [Pt(py)yl [PLCl]
Hy
N
. Ty +
(iv) [(H3N)4Co\0/ Co(NHg),]*
H

(v)  Ni(CO)4

(d) TS A0 AT & 2 FHHT €I fafer B wqa AT | 3whT w=T F v i |

What is Zeise’s salt ? Outline its synthesis method. Describe its

structure. 10

(€ ()  AES AT I AT T |
(i)  37ad Geft § HE 1 Zr & 1< @1 747 € | 36 99 i 3fud g i |

(1) Explain lanthanide contraction. 5

(ii)  Hfis placed below Zr in the periodic table. Justify the statement. 5

Q6. (a) () 3R ywm-TEEtE FAMfFT i Faren afsa 1.0 x 106 ®, @t Afufrn
Hj (g) + Cly (g) — 2HCI (g) ¥ % St i fafemoft it e atmeed
480 nm &, FT FAWET & T 39~ §C HC (g) F T [ (da) i
AT T IREhe hIToTT |
[fem & : Ny = 6022 x 1023 mol-!

h = 6626 x 10734 Js

¢ = 2998 x 108 ms1]

PHKM-U-CHM k& 4



(b)

(c)

Calculate the number of moles of HCI (g) produced by the
absorption of one Joule of radiant energy of wavelength 480 nm in
the reaction Hy (g) + Clg (g) — 2HCI (g) if the quantum yield of the
photochemical reaction is 1-0 x 109,

[Given: Nj =6-022 x 1023 mol~!
h = 6626 x 10734 Js
¢ = 2998 x 108 ms™1]
(ii) AT FEHTRT T 0-04 T [ (Hier) forea, St o 0 2 cm AleE & 3

TET BT B, ¥ IR HEHT AT A1 HAQ YT T 50% FH TS | am
U (Hier) fareiias ories =t afteher hifer |

On passing monochromatic light through a 0-04 molar solution
kept in a cell of thickness 2 cm, the intensity of the transmitted
light was reduced to 50%. Calculate the molar extinction
coefficient.

fomirft seifta stfufsran & o1 gwerd 8 2 I8 W BN arelt AiufHar % swurTd
TN T Jeeid T |

TR Frfereier frgid T ST R gU, 39 Wi Seer o for femor e
PH &7 ¢ W 7 31 T 31qafed 84T 5o Hife aeiaehl T SIT6wr il € 3
39 T W IATET BHT I Hife TeRTideh! T STTET HLAT € |

What is meant by heterogeneously catalyzed reactions ? Mention the
consecutive steps for a reaction to occur on a surface.

Using Langmuir adsorption theory, account for the experimental
observation that the decomposition of PHg on tungsten follows first
order kinetics at low pressure and zeroth order kinetics at high
pressure.

()  aifemm e @2 2 HMaw gonedt 7 gifead qu i yfiew A e i |

What is ‘sodium pump’ ? Explain the role of sodium pump in
biological system.

(i)  SICTIE FT R 2 WISEIhH P450 i HHeh i s3rean Hifse |
What is Bohr effect ? Explain the role of Cytochrome P450.

PHRM-U-CHM 12
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Q7. (a) fowes & Rigid (CFT) % 3@n aif awacht & & ‘0’ Faat % fareT #t vefifa
hife |
Freaferfiaa sum g foguft fHifsm -
‘T Al 8§ dy2_ 2 3 d,, FEh 70T S B ST, AREART &7 § g
FEHI % W AT F AHET & |’
Show the splitting of ‘d’ orbitals in square planar field according to
Crystal Field Theory (CFT).
Comment on the following statement :
‘The difference in energy between the dy?_y2 and dyy orbitals in square

planar field is identical to the difference between the same orbitals in
the octahedral field.’

(b) () TS UG FETA b AT HH 2 -

M — C AT 7H C — O 31&9 shH
Ni(CO)4 1-33 2:64
[Co(CO)4]™ 1-89 2:14
[Fe(CO)412- 2:16 1-85
Y qeAT ht =TE Ff |
The bond orders of some metal carbonyls are :

M — C bond order C - O bond order
Ni(CO)4 1-33 2:64
[Co(CO)4l™ 1-89 2:14
[Fe(CO)4% 2:16 1-85

Explain the above facts.
(i) A, BINCHIgau| A I BF Ao FFr ey ?

NaNO,
[Co(NHg)sClICly, ——2> A

g7,
HCI B

PHKM-U-CHM 13
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Identify A, B and C. What is the relationship between A and B ?

(c) (1)

(i1)

NaN02
[Co(NHg)sClICl, ——=> A

Let stand || UV ray
or warm,

HCI

Dilute NHj
(aqueous)

foreeat & fagia & smur v, fefataa w1 faawr dfse
&t [CoFg)3~ e 2, [Co(CN)g)3~ Wfdgahia & |

On the basis of Crystal Field Theory, account for the following
statement :

While [COF6]3_ is paramagnetic, [CO(CN)6]3_ is diamagnetic. 10
Cog(CO)g Fil TEAT/ETATAT I TTE IS | 6 Feeh!d S0 T fevqofy
Fifsa |

Elucidate the structure(s) of Cog(CO)g. Comment on its magnetic
behaviour. 15

Q8. (a) ‘sp’d TG PF; A % 19F NMR ®aga # vt F qwan srfave faams ved & 1

ST Hifere, fo e =i 7 |
‘All the F atoms appear indistinguishable in the 19 NMR spectrum of
sp3d hybridized PF5 molecule.’ Explain how. : 10

b) @)

(11)

PHRM-U-CHM

CIF3 319 it g+ wwa GradTens fRufail &t aA1sy | Fehed yaTfor hifse
foF 70 & P T e/ e fufd &t | ClFg 30 % TR 1
feoquft Hifsrg |

Draw all the possible structural dispositions of CIF3 molecule.
Establish logically which will be the most favoured disposition.
Comment on the shape of CIF3 molecule. 10
BoHg &t HT=AT I FAT3T | ST GBIV o ATIR T BoHg H 39T &l
T FifST |

Draw the structure of BoHg. Explain the bonding in BoHg on the
basis of hybridization approach. 10

I+



() Tmfofad & 78 A=mset F qus i fafet & @ are fmt Y dfere sme
Fif -
() e ywrst e

(i) foomae fAswdr
(iii) 9w 3rgEqor
(iv) ST TR0 STTEYT FHT SSeHT

Briefly explain the principles involved in the following methods of
separation of the lanthanides : 20
(1) Repeated fractional crystallisation

(i)  Solvent extraction

(iii)  Fractional precipitation

(iv) Change of oxidation state

PHKM-U-CHM 15
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